Abstract. As for B-S model with constant coefficients, it can be obtained analytical solution directly by converting into parabolic partial differential equation with constant coefficients, however, the research on the explicit solution of the parabolic partial differential equation under the condition of time-varying is not yet mature. The risk-free interest rate as the discount rate is not always fixed, which is changeable. Consequently, the real option pricing method palys an important role both in theoretical and practical. There are two different methods which dealing with the B-S equation under the condition of the risk-free interest rate is time-varying, one of them is the method of infinite series expansion which is put forward by Kazemi. Another is the method based on decomposition of the path which is put forward by Yun Feng. The two methods both are the summary and improvement of the predecessors' experience. In this paper, we studied the Black-Scholes equation under certain assumptions, we obtain the solution to the problem. And we have proved the compare principle by using advantage function method. Under the compare principle, which is the innovation of this paper, we can find the solution of the Black-Scholes equation with the variable risk-free interest rate by combining with the idea of stage by stage.
Introduction
In 1973, Black and Scholes [1] has published the paper which study on european option pricing in journal of political economics. When the stock price following Brownian motion, the famous B-S model can be deduced. (1.3) Where c is the value of an option, s is the price of the underlying asset, r is the risk-free interest rate, T is the expiration date of the option.
After transformating the variable form, equation (1.2) can be turned into the form of heat conduction equation, and according to the analytical solution formula, we obtain European call option price formula:
here, K is the strike price, N(.)is the cumulative probability distribution function of normal distribution.
Many scholars have found some limitations of the Black-Scholes model, an important assumption in this model is risk-free interest rate which is constant. Lots of literatureare which solved the partial differential equation are both based on the risk-free rate obeying a certain random process, as for the study of the risk-free interest rate which is time-dependent is not subject to a certain random process. In reality, Risk-free interest rate, nevertheless, often present dynamic variability. There are two kinds of new methods which dealing with the B-S equation under the condition of time-varying,One kind is the method of infinite series expansion which is put forward by Kazemi0;Another is the method based on decomposition of the path which is put forward by Yun Feng0.
However, there are still a few problems for the analytic solution of parabolic partial differential equation under the condition of the variable risk-free interest rate. In the next section, we try to solve this problem by set up a comparison principle firstly.
Comparison Principle
Without losing generality, we consider the following stanard heat equation: Same as the proof procedure of case1, we have: . By using comparision priciple, we can obtain the estimation for the solution of boundary value problem (3.1):
Summary
Black-Scholes Option Pricing Model is obtained under the assumption of complete market,One of the most important work is how to carry out the expansion research that more fit the reality.The work of this paper is, under the framework of Black-Scholes model, by using the theory of Stochastic Functional Differential Equations and the method of no arbitrage hedging, further studying the option pricing under the condition of floating stock rate. By transforming B-S equation into standard form, we turn to study the following sutiation.
Under the compare principle, we can find the solution of the Black-Scholes equation with the variable risk-free interest rate by combinding with the idea of stage by stage. We find two solutions, which are greater than or less than the solution of the variable coefficient equation, respectively. There is an effective way to estimate the solution.
In this paper, we only study the pricing formula of European call option, but we can get the pricing formula of put option according to put-call parity relalion.
